Objective: Patients with GH deficiency (GHD) are insulin resistant with an increase in visceral fat mass (FM). Whether this holds true when sedentary control subjects (CS) are matched for waist has not been documented.
Introduction
Hypopituitary patients with GH deficiency (GHD) present with altered body composition characterized by an increase in fat mass (FM), predominantly in the visceral compartment, and a decrease in fat-free mass (FFM) and total body water (1, 2) . The increase in visceral FM in GHD patients has been linked to an insulin-resistant condition which in turn has been associated with an increased cardiovascular risk (1, 3) . GH replacement therapy (GHRT) consistently results in a decrease in FM, and an increase in FFM and body water (1) . Interestingly, there is data suggesting that GHRT reduces predominantly visceral FM (4). Shortterm GHRT leads usually to a limited increase in insulin resistance (IR) (5) whereas long-term supplementation tends to decrease IR possibly as a consequence of the increase in FFM (6) .
A panoply of methods has been used to assess body composition in hypopituitarism with GHD before and after GHRT including bioimpedance (BIA) (1, 2, 7, 8) , 40K labeled water dilution technique (7, 9) , computer tomography (CT) (4) , and magnetic resonance imaging (MRI) (9) as well as the dual-energy X-ray absorptiometry (DEXA) (1, 7, (10) (11) (12) . The 40K labeled water dilution technique and BIA assessment depend on total body water and/or electrolyte distribution, which have been shown to be affected by GHD and GHRT (13, 14) . This may lead to an overestimation of changes in FFM using these methods (7, 15, 16) . DEXA scan does not offer the possibility to differentiate between subcutaneous and visceral FM, a distinction which may be of particular clinical importance in these patients.
The number of methods that reliably determine visceral FM is currently limited. Recent data suggest that abdominal cross-sectional imaging (MRI or CT) is less reliable than whole abdomen scanning in determining visceral FM (16, 17) . Furthermore, whole-body MRI has been established for the separate assessment of the different body fat compartments (total, subcutaneous, and visceral FM) in different scientific settings, including insulin-resistant conditions (18) .
In this study, we measured the different fat compartments in hypopituitary patients with GHD (before and after GHRT) and in sedentary control subjects (CS) matched for gender, age, body mass index (BMI), and waist. We hypothesized that GHD patients have predominantly an increase in visceral FM compared with matched CS that will be reduced following GHRT.
Subjects and methods
The study was a prospective single-center open casecontrol study. It was performed at the University Hospital of Bern, Switzerland. Investigations were done at the Division of Endocrinology, Diabetes and Clinical Nutrition and at the Department of Clinical Research of the University of Bern.
Four women and six men with severe GHD due to pituitary or hypothalamic disease were recruited from the outpatient clinic. GHD was defined as a peak GH of !3 mU/l during an insulin tolerance test with nadir plasma glucose of !2.2 mmol/l and hypoglycemic symptoms (19) . Patients were included, provided they had been under stable conventional hormone replacement therapy (glucocorticoids, thyroxine (T 4 ), and sex hormones) as needed for at least 6 months. Exclusion criteria were (former or present) ACTH-or GH-secreting pituitary adenoma, abnormal liver or renal function, active neoplasia, severe cardiovascular disease (unstable coronary artery disease, heart failure New York Heart Association III-IV), diabetes mellitus, hemophilia, therapy with drugs known to affect lipid or glucose metabolism, inability to exercise and contraindications to exposure to a 3-Tesla magnetic field. Additionally, we recruited ten sedentary CS matched for age, gender, BMI, and waist.
The study was performed according to the Declaration of Helsinki, the guidelines of good clinical practice, the Swiss health laws, and the ordinance on clinical research. Approval for the study was obtained from the ethics committee, Bern. Each study subject gave written informed consent.
Study protocol
GHD patients and CS attended the hospital after an overnight fast. In GHD patients with LH/FSH insufficiency, the investigation of body composition was performed in the middle of the dose interval in male patients and during replacement therapy in female patients respectively. In patients with TSH insufficiency, the dose was adjusted to obtain stable free T 4 concentrations in the upper half of the normal range. Body weight was measured on an electronic balance with subjects wearing light clothes and without shoes. Height was assessed by a stadiometer. BMI was calculated as the weight divided by the square of the height. The waist circumference was measured in the upright position with a flexible tape placed on a horizontal plane at the level of the iliac crest. The measurement was made at the end of a normal expiration. Fasting baseline blood sample was collected; body composition was determined by BIA and immediately afterward by whole-body MRI in a 3-Tesla wholebody system. On a separate visit, a spiroergometry was carried out in all patients and sedentary CS using an incremental workload on a treadmill with the determination of peak aerobic capacity (VO 2max ).
Patients with GHD were instructed about selfadministration of GH using a pen device (GenotropinPen, Pfizer, Switzerland). Usual clinical care was provided (monthly visit with insulin-like growth factor 1 (IGF1) measurements to adjust GH doses). GH dose was gradually increased to obtain IGF1 concentrations in the upper half of the age-adjusted reference range as suggested by the GH Research Society (19) . After 6 months of GHRT, weight maintaining diet (total need of calories/d calculated according to the formula of HarrisBenedict, qualitatively consisting of 50% carbohydrate, 30% fat, and 20% protein), and identical physical activity, the same studies were performed in the patients.
Whole-body fat analysis
Images were acquired on a 3T MR system (Tim Trio; SIEMENS, Erlangen, Germany) with the body coil as combined transmit/receive coil. To determine visceral FM, subcutaneous FM, and whole-body volume (WBV), images were taken in axial direction with a T1-weighted fast spin echo technique (TRZ452 ms, TEZ38 ms, echo train lengthZ7, slice thickness of 10 mm, five slices per sequence, spacing between slices 20 mm, FOV 50 cm, image resolution 2 mm per pixel) from fingers to toes leading to 100-130 axial images per subject. Owing to the limited displacement of the examination table, the subjects were measured in two positions, prone/head-first with outstretched arms and prone/ feet-first. A mark was set at the iliac crest to reposition the subject. In the abdominal region, the slices were recorded in breath hold.
Image analysis for volume determination was done by using a home-built program (MATLAB R2007a, The MathWorks, Natick, MA, USA) that is based on an extended point counting method (20) and three sequential steps for the determination of visceral FM and subcutaneous FM: i) the region of visceral fat is separated from subcutaneous fat by a simple contour line, ii) the points for the point counting method are set or deleted by the program based on a threshold value, and iii) visual inspection of the points lets the operator correct for intensity variations resulting from radio frequency (RF) inhomogeneity. For the WBV, no separation by the contour line was applied, and the threshold was set to a minimal value (above noise level). Thus, except the volume of the lung, all tissues were counted for WBV.
The precision of the volumetric technique had been established in a phantom model with up to eight bottles filled with a known amount of oil between bottles with water (21) (typically 1 l per bottle). Aluminum foil between the bottles generated highly inhomogeneous images, which corresponded to the complexity and inhomogeneity of real abdominal images at higher magnetic field strength. The images were analyzed by three observers twice. The Bland-Altman analysis of the comparison between measured and true volumes resulted in a coefficient of variance (CV) of 4.5%, the comparison between the first and second determination by an observer (intra-observer variability) resulted in a CV of 4.1%, and the comparison between the values determined by the three observers (inter-observer variability) resulted in a CV of 4.2%.
For the study, the analysis of the images was performed at the end of the study by a single operator who was not part of the clinical team, and completely blinded to the group of the volunteers or the treatment status of the patients.
To estimate the accuracy of the WBV, the weight of the subjects was calculated based on a two-compartment model with a fat compartment (density for adipose tissue 0.918 g/ml, (22)) and an FFM (average density for the FFM 1.100 g/ml (23)).
Biochemical analysis
Serum IGF1 was measured by an IRMA (Nichols Institute, San Juan Capistrano, CA, USA), and plasma glucose was measured using the hexokinase method (Hitachi 917, Roche). Insulin was determined by RIA (Linco Research, Labodia, Yens, Switzerland).
Statistical analysis
Statistical analysis was performed in SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). Results are expressed as medianGinterquartile range. Non-parametric Wilcoxon signed-rank test was used to compare unpaired datasets (GHD versus CS), whereas nonparametric Mann-Whitney tests were used to compare paired data (GHD versus GHRT). A Pearson correlation was calculated to compare body weight based on MRI assessment with body weight measured on a scale. A two-sided P value of !0.05 was considered significant.
Results

Clinical and biochemical findings
Individual clinical characteristics of the GHD patients are summarized in Table 1 . At the end of the study, one of the GHD patients had to be withdrawn due to a discus hernia with a need for a surgical intervention, which was judged not to be related to GHRT (Tables 1-3) .
The final dose of GH was attained at 3 months. During the remaining 3 months, a stable GH dose was administered. The median dose was 0.5 mg/day in male patients (range 0.3-0.6 mg/day) and 0.7 mg/day (range 0.5-1.2 mg/day) in female patients.
All except one patient had LH/FSH insufficiency. All the male patients (nZ6) were substituted with testosterone undecanoas 1000 mg every 10-12 weeks. Two of the female patients with LH/FSH insufficiency were postmenopausal. One of the postmenopausal patients was substituted with a combination including estradiol valeras and cyproteron acetas, one premenopausal female patient was treated with a anticonceptive combination therapy including gestodenum 0.075 mg 
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www.eje-online.org and ethinylestradiol 0.02 mg replacement therapy. T 4 replacement therapy was necessary in half of the patients. The dose ranged between 0.075 and 0.175 (median 0.1 mg). Cortisol replacement therapy was initiated in half of the patients. The dose of cortisol was adapted to the body weight and administered in two or three doses as done previously (24) . The cortisol replacement dose used in the GHD patients was between 15 and 20 mg (median 17.5 mg/day). Physical fitness as assessed by the determination of VO 2max was non-significantly lower in the GHD patients than in the CS (GHD: 37.1 (31.5-40.2) versus CS: 39.9 (38.1-45.9) ml O 2 /kg body weight; PZ0.10, median and interquartile range).
Additional anthropometric and fasting biochemical results of the GHD patients and CS are shown in Tables 2  and 3. GHD patients and CS did not differ regarding the matching criteria: gender, age, BMI, and waist. GHRT did not have a significant influence on neither weight, BMI nor waist (Table 2) .
GHD patients had significantly lower IGF1 levels than CS. GHRT led to a significant increase in IGF1 levels.
GHD patients showed a lower homeostasis model assessment of IR (HOMA-IR) than CS. GHRT tended to increase HOMA-IR, but the difference did not reach conventional levels of statistical significance.
Bioimpedance
Results of BIA are summarized in Tables 2 and 3 . GHD patients and CS did not differ regarding FM and FFM. GHRT lead to a significant decrease in FM (P!0.047) in parallel with a significant increase in FFM (P!0.005). Table 3 and Fig. 1 summarize the results of body composition as assessed by whole-body MRI (Tables 2  and 3 and Fig. 1 ). GHD patients and CS did not significantly differ with regard to the amount of total body FM, subcutaneous FM, visceral FM, and FFM (Table 3 and Fig. 1A-D) . GHRT led to a significant decrease in total body FM, subcutaneous FM, and visceral FM. The relative decrease in visceral FM (17%) and subcutaneous FM (12%) was similar. In addition, a significant increase in FFM was observed.
Whole-body MRI
Correlations
There was an excellent correlation between the weight calculated from MRI and weight measured on a scale (body weight by scale Z1.032* weight by MRI -0.043 kg; R 2 Z0.98; P!0.001). The absolute calculated body weight based on the MRI method resulted in a mean underestimation of body weight of 2.3G1.9 kg (meanGS.D.).
Discussion
The main results of this study are twofold: i) hypopituitary patients with GHD do not have an increase in subcutaneous and visceral FM compared with CS matched for age, gender as well as for BMI and waist, ii) GHRT reduced both subcutaneous and visceral FM to a similar extent.
Using whole-body MRI, total FM and its distribution in the subcutaneous and visceral compartments were not significantly different between GHD patients and sedentary CS. This is in contrast to previous studies (1) and our hypothesis. A possible explanation for this controversial finding may be the fact that this study included waist circumference as an additional criteria to match the GHD patients. Furthermore, in contrast to previous studies (4, 25) , half of our GHD patients had a sufficient corticotrophin axis (Table 1) as assessed by an insulin tolerance test, and the remaining were adequately substituted with hydrocortisone (twice or thrice daily regime) according to a weight-adapted dose regime (24) . In this study, the median substitution dose of hydrocortisone was 17.5 mg/day (0.20 mg/kg body weight), significantly lower than in previous studies where daily doses between 25 and 30 mg were reported (4, 25) . The fact that the dose of hydrocortisone replacement therapy may have a significant impact on body FM, in particular on visceral FM, is further substantiated by a recent study that reports a significant reduction in total and abdominal FM following a decrease in dose of hydrocortisone from 20-30 to 10-15 mg/day in hypopituitary patients (26) .
HOMA-IR scores indicate that GHD patients are unexpectedly less resistant than the sedentary CS. Using different methods of IR measurements, previous studies suggest that GHD patients exhibit an increase in IR compared with CS matched for age, gender, and BMI (27, 28) . Based on the small sample size, the current findings have to be interpreted with caution. However, it is tempting to speculate that in the presence of a similar waist circumference and a comparable amount of visceral FM, GHD patients show higher insulin sensitivity due to a lack of GH than CS. Consequently, the reported increase in IR of GHD patients observed in previous studies may rather be a consequence of the choice of CS than the GHD status of the patients. Alternatively, the higher hydrocortisone replacement dose usually administered in previous studies may have been an additional confounding factor. Differences in duration of GHD are unlikely to contribute to these controversial results since the mean duration of hypopituitarism in this study was similar than in previous studies (7G9 years) (1) . Similarly, differences in physical fitness do not explain these findings since GHD patients presented with slightly lower VO 2max than the matched sedentary CS.
GHRT resulted in a significant decrease in total, visceral, and subcutaneous FM and an increase in FFM. Quantitatively, the changes in total FM and FFM were consistent with previous studies (1) . Moreover, in keeping with preceding reports (29) , HOMA-IR index tended to increase following GHRT, albeit not reaching the levels of statistical significance. Interestingly, the relative decrease in subcutaneous FM associated with GHRT was accompanied by a comparable relative decrease in visceral FM. This is consistent with the fact that GH receptors are expressed at a quantitatively similar level in subcutaneous and visceral FM suggesting a comparable lipolytic action of GH at both sites (30) . In contrast, previous studies proposed a predominant decrease in visceral FM following GHRT (4) . Whether the predominant effect on visceral FM in the preceding studies may at least partly be explained by the established effect of GH on 11-b-hydroxysteroid dehydrogenase type-1 (31), which is likely to be of particular importance in the presence of high substitution dose of cortisone acetate (not used in this study), remains speculative.
The comparison of the weight based on the measured value on a scale and the calculated weight based on the whole-body MRI scan yielded an excellent correlation in the different study populations. However, a slight underestimation of the weight of about 2 kg by MRI scanning was observed. This is most likely due to an inconsistent differentiation of certain tissues such as hilus/lung tissue or air in the abdomen and the fact that the GHD patients and CS were weighted on a scale wearing light clothes. Since the aim of the comparison between MRI volume-based body weight estimation and body weight measured by a scale served as an indicator of the feasibility of the method and was not a primary physiological target, no extra steps were taken into consideration to further reduce this difference.
Our study has certain limitations. The number of participants was relatively small due to the additional matching criteria 'waist' of the CS. Further studies with more patients and CS are warranted to draw firm conclusions. In addition, we did not compare the wholebody FM assessment using whole-body MRI with DEXA, which is the gold standard for the assessment of body composition in endocrine diseases. However, we found an excellent correlation of MR results with the body weight measured on the scale. Furthermore, DEXA scanning is essentially based on the measurement of body composition in two dimension, whereas whole-body MRI scanning allows to assess it in three dimension. Finally, the method is capable of detecting GHRT-induced changes in body composition that are quantitatively comparable to previous results observed using DEXA (7, 11, 12) .
In conclusion, this study indicates that GHD patients do not have an increase in visceral FM compared with CS matched for age, gender as well as for BMI and waist. GHRT results in a comparable relative reduction in subcutaneous and visceral FM. Matching for waist and separate assessment of visceral and subcutaneous FM may be critical in the evaluation of body composition and IR in GHD patients before and after GHRT.
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